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ABSTRACT

When the external forces (wave, wind) excite vehicles such as ship,
airplane and cars, the fluid flow inside a tank can cause the instability or
structural damage of vehicles. This phenomenon is called sloshing. In this thesis,
the vertical porous baffles were used to reduce the sloshing in a rectangular
tank. In order to investigate the sloshing reduction effect of vertical porous
baffle, small-scaled model tests were conducted with two kinds of baffle
(punched plate, slotted plate) for various values of porosity, installation position,
and number of porous baffles. The experimental results were compared to the
numerical results based on the boundary element method (BEM). The
experimental results show that both the water elevation and pressure measured
at tank wall are influenced greatly by the porosity, number, and position of
porous baffles. When one porous baffle was installed with submergence depth
equal to the bottom at the center of tank, the water elevation and pressure
decrease at resonance period due to the energy dissipation effect across the
porous baffle. An increase of the number of porous baffle does not improve
the sloshing reduction than expected. In case of low value of porosity, the
peaks appear at resonant periods like the impermeable baffle. When the
porosity of porous baffle exceeds a specific value, the sloshing characteristics
of the pure-tank appear as shown in experimental results. When the porous
baffle was submerged at 5cm from the bottom, the water particles under the
baffle can move back and forth freely so that the sloshing characteristics
resemble the pure-tank regardless of the porosity. Especially, the experimental
results indicate that the porous baffle with the porosity ranged from 0.1 to 0.2
can significantly reduce the violent resonant sloshing in a tank, that is, there

exists optimal porosity suitable for sloshing reduction. Lastly, the experimental

13



results are in good agreement with numerical results using BEM. As the
numerical solution can not consider not only the non-linear effect generated at
free surface but also the viscous effect at the tank wall, the discrepancies
between the experimental and numerical results are inevitable. In spite of these
weaknesses, the numerical solutions will be used to supply the basic guideline

for development of optimal baffle for the sloshing reduction in a tank.
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Fig. 2.1 Definition sketch of a rectangular tank with a porous baffle placed at

center
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Fig. 3.4 Experiment model of the punched plate (left) and slotted plate (right)

Table 3.1 Specification of porous baffles used in the sloshing test

Diameter of Hole Spacing of Adjacent Holes

Type Porosity : - - - :
Height of Slit Spacing of Adjacent Slits
P=0.0567 S5mm
P=0.0816 6mm
Punched 1 1975 3mm 8mm
Plate
P=0.2267 10mm
P=0.3265 12mm
P=0.0964 ) 20mm
mm
Slotted P=0.1968 10mm
Plate
P=0.3022 4mm 13mm
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Fig. 3.5 Relation between the voltage and pressure

Fig. 3.6 Installation photograph of the pressure gauge on tank wall
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Fig. 3.9 3D sketch and snapshot of experimental set-up

Table 3.2 Experimental conditions in model tests

Exp.#1 Exp#2  Exp#3 Exp.#4
Number of Baffles 0 1 2 4
Position of Baffles - x=0 X=28.3cm X =+8.3cm,+18cm
Submergence Depth
of Baffles 5cm, 10cm
Punched Plate
Porosity 0.0567/0.0816/0.1275/ 0.2267 / 0.3265
Slotted Plate
Porosity 0.0964 / 0.1968 / 0.3022
Sway Motion Period 0.2 -1.4sec
Sway Motion
Amplitudes 0.1cm —0.4cm
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4.1 Comparison of amplification ratio between the experimental and

numerical results
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Fig. 4.2 Comparison of the pressure between the experimental and numerical
results (z=-8cm)
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Fig. 4.3 Comparison of amplification ratio(x=-a) between the experimental and

numerical results for single porous baffle placed at the center
(P=0.0567,d/h=1.0)
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Fig. 4.4 Comparison of amplification ratio(x=-a) between the experimental and

numerical results for single porous baffle placed at the center
(P=0.0816,d /h =1.0)
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Fig. 4.5 Comparison of amplification ratio(x=-a) between the experimental and
numerical results for single porous baffle placed at the center
(P =0.1275,d / h =1.0)
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Fig. 4.6 Comparison of amplification ratio (x=-a)between the experimental and
numerical results for single porous baffle placed at the center
(P=0.2267,d /h=1.0)
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Fig. 4.7 Comparison of amplification ratio(x=-a) between the experimental and
numerical results for single porous baffle placed at the center

(P =0.3265,d /h =1.0)

15
P=0.0567
P=0.0816 .
124 |———— P=0.1275 t
P=0.2267 \
P=0.3265 \
ol | 77—~ no baffle \

Period(s)
Fig. 4.8 Comparison of the amplification factor as function of porosities of
porous baffle(d /h=1.0)

48



Al 4%
A
Z7191 o

AT
A A7]=

9

)l

| A4 AR 34
5
2oz golA

o
=

3

=
<

B3 W FAZ WEA T

AZE B ®=9

-

19 WA 22gol w8 ) 49

X
. ©]

s A

5

0.2267,0.3265) SFollAl ¥ B =3k B YolA e 1xk, 34}

0.0567,0.0816,0.1275) EFI4 U FA7}

oA B WA

S EH7t

(P
(P

M7=

¥

»AO

=&T717t

)

=13
=

Lol
frs]

o
o}

s}

]

77

I Ao S8 met #2 W fA9 2

9

5

=

=

bolz ArmETh of

A

ang
Hr
No

A 2]

Ao B2

711 0 O
ST E=

A 2l

w5

A7 49

oF

=

ddoz "Ha U odUAE LEATER

file)
o
o

)

18z o| T}

e
Ao 1At
Aol ol

HolXu HAH O

T

—

]_

S

gze 13k 3%
fol Bz oy

H] 2l
B3 U

9

=
=

=

=

3%
o o

Asfolt. WA wwclA e
tol

v A3
X

g 25 W
£3 Y
7}

17 A

s

=

=

1

FATL AFEA

ZZn)

lel B3 W
A 7ol A 2

°

Ans Tl A

=7}
goj 7l

=

Fig. 4.9 ¥ Fig. 4.12

213

523
EED

10cm

ol

)

ol
;OO
ﬁo

~

;01_
,@A

49



A 4%

3
P=0.0567
¢ Exp.
Num.(BEM)
L 4
2 m
Ra
1 4
L 2 2
0 T T T T T
0.4 0.6 0.8 1.0 1.2

Period(s)
Fig. 4.9 Comparison of amplification ratio (x=-0.6a) between the experimental
and numerical results for single porous baffle placed at the center
(P=0.0567,d / h =1.0)
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Fig. 4.10 Comparison of amplification ratio (x =-0.6a) between the experimental
and numerical results for single porous baffle placed at the center
(P =0.1275,d /h =1.0)
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Fig. 4.12 Comparison of pressure (x=-a,z=-8cm) between the experimental
and numerical results for single porous baffle placed at the center
(P=0.0567,d /h =1.0)
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Fig. 4.13 Comparison of pressure (x=-a,z=-8cm) between the experimental
and numerical results for single porous baffle placed at the center
(P=0.1275d /h=1.0)
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Fig. 4.14 Comparison of pressure (x=-a,z=-8cm) between the experimental
and numerical results for single porous baffle placed at the center

(P=0.3265,d / h =1.0)
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Fig. 4.15 Comparison of the measured pressure as function of porosities of
porous baffle(d /h =1.0)
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Fig. 4.16 Comparison of amplification ratio (x=-a) between the experimental
and numerical results for single porous baffle placed at the center
(P=0.0567,d /h =0.5)
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Fig. 4.17 Comparison of amplification ratio (x=-a) between the experimental
and numerical results for single porous baffle placed at the center
(P=0.1275,d /h =0.5)
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Fig. 4.18 Comparison of amplification ratio (x=-a) between the experimental
and numerical results for single porous baffle placed at the center
(P=0.3265,d /h =0.5)
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Fig. 4.19 Comparison of the amplification factor as function of porosities of
porous baffle(d /h=0.5)
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Fig. 4.20 Comparison of amplification ratio (x =-0.6a) between the experimental
and numerical results for single porous baffle placed at the center
(P =0.0567,d /h=05)
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Fig. 4.21 Comparison of amplification ratio (x =-0.6a) between the experimental
and numerical results for single porous baffle placed at the center
(P=0.1275,d /h =0.5)
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Fig. 4.22 Comparison of amplification ratio (x =-0.6a) between the experimental
and numerical results for single porous baffle placed at the center
(P=0.3265,d/h=05)
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Fig. 4.23 Comparison of pressure (x=-a,z=-8cm) between the experimental

and numerical results for single porous baffle placed at the center
(P=0.0567 ,d /h=0.5)
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Fig. 4.24 Comparison of pressure (x=-a,z=-8cm) between the experimental

and numerical results for single porous baffle placed at the center
(P=0.1275,d /h=05)
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Fig. 4.25 Comparison of pressure (x=-a,z=-8cm) between the experimental

and numerical results for single porous baffle placed at the center

(P=0.3265,d /h =0.5)

300
— P=0.0567
240 - P=0.0816 e
—— == P=0.1275 a
P=0.2267 JRagS
P=0.3265 A
180 -
o -3
Pm p
120
60
-
S f/
O T T T T T
0.4 0.6 0.8 1.0 1.2

Period(s)

Fig. 4.26 Comparison of the pressure as function of porosities of porous baffle

(d/h=05)
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Fig. 4.27 Comparison of amplification ratio (x=-a) between the experimental

and numerical results for two porous baffles placed at x=48.3cm

(P=0.0567,d /h =1.0)
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Fig. 4.28 Comparison of amplification ratio (x=-a) between the experimental

and numerical results for two porous baffles placed at x=+8.3cm

(P =0.1275,d /h =1.0)
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Fig. 4.29 Comparison of amplification ratio (x=-a) between the experimental
and numerical results for two porous baffles placed at x=48.3cm
(P=0.3265,d / h =1.0)
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Fig. 4.30 Comparison of the amplification factor as function of porosities of two
porous baffles(d /h=1.0)
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Fig. 4.31 Comparison of amplification ratio (x =-0.6a) between the experimental

and numerical results for two porous baffles placed at x=48.3cm

(P=0.0567,d /h =1.0)
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Fig. 4.32 Comparison of amplification ratio (x =-0.6a) between the experimental

and numerical results for two porous baffles placed at x=+8.3cm

(P =0.1275,d /h =1.0)
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Fig. 4.34 Comparison of pressure (X=-a,z=-8cm) between the experimental

and numerical results for two porous baffles placed at x=48.3cm
(P=0.0567,d /h =1.0)
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Fig. 4.35 Comparison of pressure (x=-a,z=-8cm) between the experimental

and numerical results for two porous baffles placed at x=+8.3cm
(P =0.1275,d /h =1.0)
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Fig. 4.36 Comparison of pressure (X=-a,z=-8cm) between the experimental
and numerical results for two porous baffles placed at x=48.3cm
(P=0.3265,d / h =1.0)
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Fig. 4.37 Comparison of the pressure as function of porosities of two porous
baffles(d /h =1.0)
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Fig. 4.38 Comparison of amplification ratio (x=-a) between the experimental
and numerical results for two porous baffles placed at x=+8.3cm
(P =0.0567,d /h =0.5)
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Fig. 4.39 Comparison of amplification ratio (x=-a) between the experimental

and numerical results for two porous baffles placed at x=48.3cm

(P=0.1275,d/h=0.5)
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Fig. 4.40 Comparison of amplification ratio (x=-a) between the experimental

and numerical results for two porous baffles placed at x=+8.3cm
(P=0.3265,d/h=05)
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Fig. 4.41 Comparison of the amplification factor as function of porosities of two

porous baffles(d /h=0.5)
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Fig. 4.42 Comparison of amplification ratio (x =-0.6a) b

etween the experimental

and numerical results for two porous baffles placed at x=48.3cm

(P =0.0567,d /h =0.5)
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Fig. 4.43 Comparison of amplification ratio (x =-0.6a) between the experimental
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